The University of Tokyo Atacama Observatory Project is to construct a 6.5m infrared telescope at the summit of Co. Chajnantor (5640m altitude) in northern Chile, promoted by the University of Tokyo. Thanks to the dry climate (PWV~0.5mm) and the high altitude, it will achieve excellent performance in the NIR to MIR wavelengths. The telescope has two Nasmyth foci where the facility instruments are installed and two folded-Cassegrain foci for carry-in instruments. All these four foci can be switched by rotating a tertiary mirror. The final focal ratio is 12.2 and the telescope foci have large field-of-view of 25ʹ in diameter. We adopted the 6.5m light-weighted borosilicate honeycomb primary mirror and its support system that are developed by Steward Observatory Richard F. Caris Mirror Lab. The dome enclosure has the shape of carousel, and large ventilation windows with shutters control the wind to flush heat inside the dome. The operation building with control room, aluminizing chamber and maintenance facilities is located at the side of the dome. Two cameras, SWIMS for spectroscopy and imaging in the near-infrared and MIMIZUKU in the mid-infrared, are being developed as the first-generation facility instruments. The operation of the telescope will be remotely carried out from a base facility at San Pedro de Atacama, 50km away from the summit. The construction of the telescope is now underway. Fabrication of the telescope mount has almost finished, and the pre-assembly has been carried out in Japan. The primary, secondary, and tertiary mirrors and their cells have been also fabricated, as well as their cells and support systems. Fabrication of the enclosure is now underway, and their pre-assembly in Japan will be carried out in 2016. Construction of the base facility at San Pedro de Atacama has been already completed in 2014, and operated for the activities in Atacama. The telescope is now scheduled to see the first light at the beginning of 2018.
INTRODUCTION
The University of Tokyo Atacama Observatory (TAO) project is to construct a 6.5m infrared telescope at the summit of Co. Chajnantor in the Atacama Desert [1] [2] [3] . The altitude of the site is extremely high (5640m), and TAO will be the world highest astronomical observatory once it's finished. Thanks to the low perceptible water vapor at the site (<0.5mm) [4] [5] [6] , the sky is highly transparent in the infrared wavelengths. J, H, K-bands become a continuous window, and new windows appear around 30μm. This transparent sky and large amount of telescope time enable us to carry out challenging scientific objectives which cannot be conducted by multi-purpose telescopes. The TAO project was started in 1998. In 2009 a 1.0m telescope (miniTAO) [7] was installed at the site as a pilot telescope. It has successfully observed a Paα emission line at 1.875μm [6] [8] and mid-infrared radiation through the 30μm windows [9] [10] , which demonstrate that the observing conditions of the site are practically excellent. Fabrications of the 6.5m telescope were started in 2012. Major components of the telescope have been fabricated and tested in Japan and U.S. The site preparation has also been conducted in parallel. In this paper we present the current status and updates of the project.
TELESCOPE

Mirrors and Mirror Support Systems
The TAO 6.5m telescope has a Ritchey-Chretien optical configuration, consisting of the primary mirror, the secondary mirror, and the tertiary mirror. The sizes of the primary, secondary, and tertiary mirrors are 6.5m (circular, convex, F/1.25), 0.9m (circular, concave), and 1.1m×0.75m (elliptical, flat), respectively. All the mirrors are made of borosilicate and have light-weighted honeycomb structure. We optimize the telescope for infrared observations and adopted the undersize secondary mirror. Then, the effective diameter of the primary mirror is also reduced to be 6153.8mm in diameter. The final focal ratios at all the foci are 12.2, the same as that of the Cassegrain focus of the Subaru 8.2m telescope. The unvignetted field-of-view and plate scale are 25ʹ in diameter and 2.75ʺ/mm, respectively. According to the error budget for the telescope image quality [11] , a diameter of 80% encircled energy (θ80) is set to be 0.32ʺ at a wavelength of λ=500 nm. Almost all of the optical components have been completed at the Steward Observatory Richard F. Caris Mirror Lab. (Figure 1 ).
The honeycomb primary mirror is supported and controlled actively by pneumatic actuators as well as those of Magellan telescopes, MMT, and Large Binocular Telescope. This function is achieved by realtime wavefront measurements (See Section 2.3). The pneumatic actuators and hardpoint actuators are optimized for low temperature environment at the TAO site. Environmental tests have been done for these components and their functionality at low temperature has been confirmed ( Figure 1 ). 
Telescope Mount
The telescope mount is designed as a tripod-disk type alt-azimuth mount with hydrostatic bearings and friction drives, in a similar way as the Magellan telescopes. Two Nasmyth ports are provided for the facility instruments to be mounted on the center of each elevation disk, and two auxiliary folded-Cassegrain ports for carry-in instruments are located on the center section. The maximum size and load capacity for the Nasmyth ports are 2.0×2.0×2.0m 3 and 2.5 tons, respectively. The tertiary mirror switches the incident beam to select the instrument in use. It is designed to be quickly changed by rotating the tertiary mirror, which will enable us to use different instruments during the same night as well as to improve safety in operation at the high site.
-
The telescope mount is designed and fabricated by Nishimura Co. Ltd. Figure 2 shows the temporary assembling of the telescope mount in a factory building. The flexure of the telescope truss results in lateral and axial displacements between the secondary mirror and the primary mirror. To correct for those displacements and to keep the good collimation and focus, the secondary mirror will be shifted and tilted according to the elevation angle and the truss temperature. The commissioning and functionality tests are going to be performed in Japan before shipment. Figure 2 . Telescope mount temporarily assembled in a Japanese factory
Guider and Wavefront Sensor
The guider and wavefront sensor system is mounted on each of the Nasmyth and folded-Cassegrain port of the telescope. The system has two probes mounted on r-theta stages; one is for a conventional offset guider, and the other is for a Shack-Hartmann sensor, which measures the wavefront error of incident light of a star through the telescope routinely to correct for the surface figure of the primary mirror and to make further correction of the collimation of the secondary mirror. The guider and wavefront sensor system is designed and fabricated by LLP Kyoto-Nijikoubou. Figure 3 shows the unit #1 of the guider and wavefront sensor system. It will be temporary installed on the Nasmyth ports of the telescope for testing in Japan. TAO 6 .5m telescope covers wavelength range from the near-infrared to the mid-infrared wavelengths of 0.9-38μm by two facility instruments, SWIMS and MIMIZUKU.
INSTRUMENTS
Near-Infrared Imager and Multi-Object Spectrograph: SWIMS
SWIMS, a Simultaneous-color Wide-field Infrared Multi-object Spectrograph, covers the NIR wavelength from 0.9 to 2.5μm, and capable of either imaging or multi-object spectroscopy with wide field-of-view of 9.6ʹ in diameter. It has a dichroic mirror in its collimated beam, and splits the incoming light into two arms, of which the blue arm covers 0.9-1.4μm and red 1.45-2.5μm. The focal plane of each arm is designed to be covered with four 2k×2k HAWAII-2RG arrays with a pixel scale of 0.126ʺ/pix. As a result, we can carry out a multi-object spectroscopy with wavelength resolution of λ/Δλ~1000 in the full range of the NIR wavelength in one shot, as well as a two-color imaging observation simultaneously. In combination with its wide field of view, this enables SWIMS to carry out wide field survey of highredshift objects either in imaging or in MOS spectroscopy, with high efficiency.
All the components of SWIMS have already been fabricated, delivered, and assembled, their cryogenic tests have been carried out in Japan, and it is confirmed that almost all the inspection items show the performances fulfill the specifications. Detail information is described in an accompanying paper by Motohara et al. (2016) [12] . 
Mid-Infrared Imager and Spectrograph: MIMIZUKU
Mid-Infrared Multi-field Imager for gaZing at the UnKnown Universe (MIMIZUKU) is the other facility instrument covering the MIR spectral regions. The wavelength coverage ranges from 2 to 38μm by utilizing three kinds of detectors (HgCdTe, Si:As, and Si:Sb). MIMIZUKU provides capabilities of imaging and low-resolution spectroscopy over this wide wavelength region. Another feature of MIMIZUKU is the capability of real-time atmospheric calibration. For accurate calibration, simultaneous observation of targets and calibrators is useful. However, it is difficult for groundbased mid-infrared observations because of the sparse distribution of observable objects. MIMIZUKU solves this problem by having a mechanism named "Field Stacker", which enables combining two arbitrary fields separated by greater than the field of view into one detector area. The separation up to 25ʹ is allowed, and it enables us to calibrate the varying atmospheric transmittance accurately. These two features realize long-term infrared monitoring observations. We are planning to investigate time-dependent phenomena like dust formation or destruction in various kinds of objects through such observations.
The development situation is in the last phase. The cryogenic system and optics have been almost completed and passed the inclination test. These results and the latest specifications are reported by Kamizuka et al. (2016) [13] . The development and evaluation of the Field Stacker mechanism are given by Uchiyama et al. (2016) [14] . Development progresses of detector system and cryogenic chopper are reported by Okada et al. (2016) [15] and Mori et al. (2016) [16] , respectively.
Installation System of Instruments to the Nasmyth Foci
SWIMS and MIMIZUKU are expected to be initially installed on the Cassegrain focus of the Subaru telescope, and the mechanical interface of the Nasmyth foci of the TAO telescope is designed to be almost identical to that of the Subaru telescope; consists of 16 jack-bolts and 4 pins to connect an instrument to the telescope flange. However, as stand-by position of SWIMS/MIMIZUKU is with their optical axes upright to the floor, we need a handling system to overturn the instrument and to move it to the Nasmyth flange with fine adjustment mechanism to align its optical axis to that of the telescope.
For this purpose, TAO telescope has three carts/stages to install an instrument on the Nasmyth focus. They consist of (1) instrument carrier stage (ICS) to transport the instrument, (2) turnover cart (TOC) to rotate the instrument from the upright position to the overturn position, and (3) instrument installation stage (IIS) to load the instrument and press it to the Nasmyth flange of the telescope with their axes aligned. Figure 5 shows the current design of ICS, TOC, and IIS.
An instrument will be first transported from the support building to the dome floor using ICS. It will then be placed inside the TOC, and pushed up to a flange of TOC up by electrical jacks and clamped. The instrument is then overturned by a motor of TOC, and then craned using three eye-bolts on its side to the Nasmyth platform. The instrument is then loaded on IIS at the Nasmyth platform. IIS has three electrical jacks and three linear actuators to adjust its tilt and shift, thus capable of movements with six degrees of freedom. With this movement of IIS, the instrument will be then moved to the precise position aligned with the Nasmyth flange, and then, the 16 jacks of the telescope pull it in and press the instrument to the flange. 
FACILITY
Summit Facility and Enclosure
The TAO summit facility consists of the "high-floor" telescope enclosure, the operation building, and the bridge connecting them. The enclosure has a fixed base structure and a rotating carousel structure. The operation building contains the observation room, the telescope mirror-coating system, and maintenance rooms for observation instruments.
After the baseline design by Sako et al. (2014) [17] , we have carried out wind tunnel experiments as well as computational fluid dynamics (CFD) numerical simulations for the summit facility in order to (i) understand the wind behavior including topographic effect around the facility, and (ii) evaluate the frequency and the quality of air ventilation inside the enclosure [18] . The experimental and simulation data show that the wind is accelerated to reach the summit by a factor of about 1.2 which would cause a wind velocity of 78 m/s at a maximum. We adopt a corresponding wind pressure of 3750 N m -2 at a maximum in the structural analysis of the summit facility. In addition, a high-spatial-resolution CFD simulation reveals that the topmost ventilation windows at a level of the telescope secondary mirror have less significance than lower windows in terms of air ventilation, i.e., air inflow and outflow. Considering the construction, maintenance costs and the effective ventilation procedure before starting night observations, we decide to allocate 27 windows in total which account for about 14% of the total interior surface of the enclosure, as shown in Figure 6 . We expect approximately 20-30 air change per hour at a wind velocity of 1 m/s. Main parts such as a base ring, main steel frames, bogie carts, and driving wheels have been already fabricated. In 2016 all the components will be temporally assembled and tested in Japan. This is an important and an imperative step to achieve trouble-free construction at the site. After the tests all the components are de-assembled and packed to be transported to Chile. Assembling the enclosure is now scheduled in the 2 nd half of 2017.
Mirror Coating System
The mirror coating system will be installed in the operation building at the summit to avoid the risk of breaking up of the mirrors. It consists of the coating chamber, the mirror cleaning apparatus, and the lifting cart which carries the primary mirror and the mirror cell. This is based on the same concept as the coating system of the Magellan telescopes. So far we have carried out a lot of experiments on the vacuum evaporation of aluminum in laboratory and established the design of the evaporation system. We have also successfully developed special structure filaments. This was designed as three twisted tungsten wire core with winding the tungsten net to prevent fall of the molten aluminum during the evaporation.
The cleaning apparatus has been already fabricated in Japan as shown in Figure 7 . Injection nozzles are placed on fixed multiple rings and connected to a liquid pump via a buffer tank. There are no movable parts like a rotating cleaning system adopted for the Subaru telescope. Our design is effective to achieve uniform and sufficient supply of the cleaning liquid.
The lifting cart is used for carrying the primary mirror and the mirror cell from the telescope mount and the coating system. It has a lift with a range of motion of 1750mm to reach the bottom of the telescope mount as well as the bottom of the coating chamber. Maximum load of the lift is more than 60ton. The cart runs on rails laid between the enclosure and the coating system through the connecting bridge between the enclosure and the operation building. The lifting cart has already been fabricated and successfully tested with a dummy load in Japan (Figure 7) .
etails of the evaporation experiments, the cleaning apparatus, and the lifting/carrying cart are described in Takahashi et al. 2016 [19] . D Figure 7 . (left) mirror cleaning system (right) lifting/carrying cart of the primary mirror.
Base Facility
The base facility of the TAO is located in San Pedro de Atacama (SPA) about 50 km away from the telescope site in direct distance. The main building of the facility has research laboratories, computer and network systems, staff rooms, an administration office, and accommodation including a living room and a kitchen space. Electric power is normally supplied from the public, and diesel generators installed in the facility ground are used during a power failure. A completion ceremony of the base facility was held on Nov. 21st 2014 (Figure 8 ). The facility entered into full operation in Jan. 2015. 
SCHEDULE
The TAO project is now in the final stage of the fabrication phase. Major components of the telescope and the enclosure have been almost completed and now performance verification tests have been carried out in Japan and U.S. All of the components will be shipped to Chile in 2017. The construction at the summit will be started in the middle of 2017, and the installation of the telescope is scheduled in the end of 2017. We plan to see the first light and at the beginning of 2018 and start science operations in 2019 for the fastest case.
